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Many exoplanets have been discovered with indirect methods that have sensitivities for companions at narrow orbits, 
and those discoveries of exoplanet have raised many open questions in understanding their formation and evolution 
processes. Since exoplanets are considered to radially migrate from their birthplace, search for exoplanets not only in 
the vicinity of their host stars but also those at wide orbits are important. High-contrast imaging technique is 
complementary to other indirect methods and essential to understand the outer architecture of planetary systems. 
Although several planetary mass companions at outer radii of ≥ 20 AU have been discovered by the imaging 
observations, their detection rate is very low, suggesting that exoplanets are indeed at inner radii, which is consistent 
with the widely accepted planet formation model, so-called core accretion model. However the true outer architecture of 
exoplanets, 10–20 AU, is still uncertain owing to several observational constraints.  
In the number density, M-dwarfs is the most abundant population in the Galaxy as well as the solar vicinity. 
Additionally, M-dwarfs are less massive and faint, enabling several approaches to search for exoplanets. Thanks to 
these factors, M-dwarfs should be the most powerful tool to understand the formation and evolution of exoplanets, 
especially for their radial distribution. On the other hand, imaged planets have uncertainties in their physical parameters.  
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At the present stage for imaged exoplanets, only photometric properties are obtained by observations. In order to 
understand them, cooling evolutionary models (theoretical isochrones) have to be applied, which have not calibrated 
well and may be uncertain. There are several stellar physics commonly used for low-mass stars and planetary mass 
objects. M-dwarfs are less massive to be observed their cooling phase (< 100 Myr), and hence they are important to 
calibrate the cooling evolutionary models. 
The author of this doctor thesis has studied for giant planets around M-dwarfs to understand the formation and 
evolution of exoplanets and their host stars. In the former part, the orbital characterization of a young low-mass system 
GJ1108A is presented. We found the cooling evolutionary models did not reproduce the mass-luminosity relation of the 
sys- tem properly, and clarified that the model still has uncertainty in the cooling phase due to several possibilities, 
accretion histories for instance. Combined with literature-based objects, we discussed the performance of the cooling 
evolutionary models. Consequently, the cur- rent model averagely reproduce the mass of low-mass objects without any 
significant offsets, less 10%, which is a few times accurate compared with a similar test using young eclipsing binaries.  
In the latter part, the current observational knowledge for the frequency of giant planets around M-dwarfs is 
summarized, and future prospects to advance the understanding with high-contrast imaging are also discussed. We 
gathered archival datasets of young nearby M-dwarfs satisfying criteria to achieve down to a Jovian mass sensitivity, 
and confirmed the insights by the imaging observations for M-dwarfs is still insufficient. If the ongoing/upcoming 
advanced AO systems such as SPHERE and SCExAO observe the several tens nearby young M-dwarfs, we can obtain 
strong constraints for the frequency derived from radial velocity and micro-lensing surveys, in which a possible 



























水木氏自身の観測及びデータ解析としては、GJ1108A 星系について SEEDS 観測などで得ら
れたデータを解析し、低質量星連星である GJ1108Aa および GJ1108Ab の質量を評価した。
これを過去の文献のデータなどと合わせ、広がった連星系について初めて力学質量と冷却
モデル質量とを比較しその精度が統計的には２０％以内で一致することを示した。先行研
究では連星を構成する星の相互作用の影響が無視できない可能性がある近接連星系のもの
であり、今回の研究は高コントラスト観測の利点を活かしたオリジナルな結果である。こ
のように現在の第一線の観測装置であるすばる望遠鏡などによる独自データを用いた観測、
データ解析により惑星形成の理解につながる新たな知見を得たことを、博士課程を通じた
ユニークな研究成果であると評価し、博士課程学位にふさわしいものとしてこれを合格と
認める。 
